Neuropeptide S is involved in anxiety and arousal modulation, and the functional polymorphism Asn 107 Ile (rs324981, A > T) of the neuropeptide S receptor gene (NPSR1) is associated with panic disorder and anxiety/ fear-related traits. NPSR1 also interacts with the environment in shaping personality and impulsivity. We therefore examined whether the NPSR1 A/T polymorphism is associated with affective and anxiety disorders in a population-representative sample. Lifetime psychiatric disorders were assessed by MINI interview (n = 501) in the older cohort of the longitudinal Estonian Children Personality, Behaviour and Health Study (ECPBHS). Anxiety (STAI), self-esteem (RSES), depression (MÅDRS), suicide attempts and environmental factors were self-reported in both the younger (original n = 583) and the older cohort (original n = 593). Most of the NPSR1 effects were sex-specific and depended on environmental factors. Females with the functionally least active NPSR1 AA genotype and exposed to environmental adversity had affective/anxiety disorders more frequently; they also exhibited higher anxiety and depressiveness, and lower self-esteem. Female AA homozygotes also reported suicidal behaviour more frequently, and this was further accentuated by adverse family environment. In the general population, the NPSR1 A/T polymorphism together with environmental factors is associated with anxious, depressive and activity-related traits, increased prevalence of affective/anxiety disorders and a higher likelihood of suicidal behaviour.
Introduction
Neuropeptide S (NPS) is an endogenous ligand of G-protein coupled orphan receptor GPR154 (Xu et al., 2004) , now referred to as NPSR1. In rodents NPS administration elicits a unique behavioural pattern with arousal and wakefulness and activation of the HPA axis present simultaneously with anxiolytic-like effects (Xu et al., 2004 (Xu et al., , 2007 Smith et al., 2006; Reinscheid, 2008; Rizzi et al., 2008; Vitale et al., 2008; Pape et al., 2010; Lukas and Neumann, 2012; Pulga et al., 2012; Wegener et al., 2012; Zhao et al., 2012) . For example, i.c.v. administered NPS has a dose-dependent anxiolytic-like effect in the elevated T-maze task in the mouse, and this effect is not present in the more anxious NPSR1 knockout animals (Pulga et al., 2012) . In the rat, NPS reduced anxiety in elevated plus-maze in both Flinders Sensitive and Flinders Resistant rats as well as in Sprague-Dawley controls (Wegener et al., 2012) . In the human NPSR1 gene, located on chromosome 7p14.3, a single-nucleotide polymorphism rs324981 A > T results in change of an amino acid (Asn 107 Ile). The potency of NPS at the T-allele ( 107 Ile) encoded NPSR1 is about ten-fold higher (Reinscheid et al., 2005) . NPS-ergic neurotransmission is also involved in the modulation of anxious, fear-and activity-related traits in humans (Okamura et al., 2007; Donner et al., 2010; Raczka et al., 2010; Dannlowski et al., 2011; Domschke et al., 2011; Klauke et al., 2013; Tupak et al., 2013) . In human studies, the high-activity NPSR1 T-allele has contributed to the anxiety-and fear-related traits, and is more frequent in panic disorder (Okamura et al., 2007; Donner et al., 2010; Domschke et al., 2011) . NPSR1 T allele carriers tend to over interpret their fear reactions, and exhibit stronger conditioned stimulus-evoked activity in the rostral dorsomedial prefrontal cortex (Raczka et al., 2010) . Fear-related responsiveness in amygdala is also higher in the T-allele carriers (Dannlowski et al., 2011) . Effects of NPSR1 are dependent on environment: in one sample, subjects with the TT genotype and high childhood maltreatment reported higher scores of anxiety sensitivity (Klauke et al., 2014) ; in another, subjects with the TT genotype exhibited more impulsive action, and that was further accentuated by history of stressful life events (SLE) (Laas et al., 2013) . However, our recent analysis of a longitudinal dataset also revealed significant NPSR1 G × E interactions that suggested high vulnerability of subjects with the AA genotype: although they exhibited higher openness to experience and adaptive type of impulsivity, they were also sensitive to adverse family relations, reacting with increased neuroticism and maladaptive impulsivity, and decreased extraversion and adaptive impulsivity (Laas et al., 2014) . Thus, there clearly is an environment-dependent association of NPSR1 Asn 107 Ile with personality traits that predicts anxiety and affective disorders (Wasserman, 2001; Moffitt et al., 2007; Congdon and Canli, 2008; Lönnqvist et al., 2009; Domschke and Reif, 2012) although the associated allele seems to somewhat vary between populations and measured constructs. Considering the available evidence of NPS-ergic neurotransmission in the regulation of emotional processing, impulsivity and anxiety disorders, we aimed to clarify the role of NPSR1 A/T polymorphism for anxiety and mood disorders in the general population, considering the sensitivity of the genotype to environmental factors.
Method

Sample
This study was carried out on the Estonian sample of the European Youth Heart Study (1998/99), which was subsequently incorporated into the longitudinal Estonian Children Personality Behaviour and Health Study (ECPBHS). ECPBHS consists of two birth cohorts. Data on lifetime psychiatric disorders are currently available for the older cohort. Hence, most of the present analysis is focused on data in this cohort, but relevant measures in both cohorts were subject to analysis if available.
The rationale and procedure of sample formation have been described elsewhere in detail (Harro et al., 2001; Tomson et al., 2011) . The total number of subjects in the first wave 1998/99 was 1176; 583 in the younger cohort (M Age = 9.6 ± 0.5) and 593 in the older cohort (M Age = 15.6 ± 0.6). The follow-up studies for the younger cohort were, in 2004 (n = 483, M Age = 15.3 ± 0.5) and 2007 (n = 453, M Age = 18.3 ± 0.5); for the older cohort, the followups were, in 2001 (n = 454, including 62 additional subjects, M Age = 18.4 ± 0.7) and 2008 (n = 540, M Age = 24.7 ± 0.7). The number of subjects with valid genotype and psychometric data is given for each analysis separately in Table 1 . All the subjects were of Caucasian origin. The study was approved by the Tartu University Ethics Review Committee on Human Research.
Assessment of affective and anxiety disorders
Psychiatric assessment based on DSM-IV was carried out in the older cohort at age 25 by experienced clinical psychologists using the Mini-International Neuropsychiatric Interview (M.I.N.I.5.0.0; Sheehan et al., 1998; Estonian version: Shlik et al., 1999) at age 25 (Table 1) . We used lifetime prevalence of disorders in this analysis. Psychiatric assessment had not been carried out in the younger cohort yet and had been planned only when the cohort reached the same age as the older cohort (25 yr).
Measures of depressiveness, anxiety and self-esteem
Depressiveness was measured by the self-report version of the Montgomery-Åsberg Depression Rating Scale (MADRS; Montgomery and Åsberg, 1979) or Beck Depression Inventory (BDI; Beck et al., 1961) . The Spielberger State Trait Anxiety Inventory (STAI, Spielberger, 1983 ) was used to measure anxiety, and the Rosenberg Self-Esteem Scale (RSES, Rosenberg, 1965; Estonian version Pullmann and Allik, 2000) was used to measure global self-esteem. Table 1 presents age when the self-reports were made.
Stressful life events and suicide attempts
History of stressful life events (SLE) was self-reported and subjects were divided into low and high SLE exposure groups by median split. The list of adverse life events varied across measurement times, but consisted of 10-17 (dependent on the study wave) stressful experiences reported either present or absent (Reif et al., 2011) . History of suicide attempts was similarly self-reported -'Have you ever tried to attempt a suicide?'-Yes/No.
Family relations
Family relations were self-reported with the Tartu Family Relationships Scale consisting of four subscales that can be combined to obtain two higher order scales Warmth (Closeness and Support) and Maltreatment (Neglect/ Misprize and Abuse) (Paaver et al., 2008; Kiive et al., 2010) . A single measure of positive family relationships (FR) was formed by subtracting scores of 'maltreatment' from scores of 'warmth'. Subjects were divided into low and high groups by median split.
NPSR1 Asn 107 Ile polymorphism genotyping
The alleles at the NPSR1 rs324981 (Asn 107 Ile) SNP locus were amplified from DNA isolated from venous blood samples as previously described . Genotype frequencies were in HardyWeinberg equilibrium. NPSR1 A/T polymorphism was genotyped both in the older (n = 575) and in the younger cohort (n = 563); in combined cohorts, the genotype distribution was as follows: AA 25.8%, AT 50.0% and TT 24.2% (Laas et al., 2014) . 
Statistics
The prevalence of affective and anxiety disorders
The lifetime prevalence of affective and anxiety disorders in this population-representative sample is presented in Table 2 . The lifetime prevalence rates were similar to comparable epidemiological studies (de Graaf et al., 2012; National Institute of Mental Health, 2013 
NPSR1 effects on affective and anxiety disorders
Considering the overlapping phenotypes of anxiety and affective disorders (Wasserman, 2001; Moffitt et al., 2007; Domschke and Reif, 2012) , we analysed prevalence of these disorders both separately and combined. The NPSR1 association with affective/anxiety disorders emerged only when accounting for family environment (Table 3) but not SLE. Specifically, subjects with the AA genotype exhibited significantly more frequent affective/ anxiety disorders when exposed to a 'low warmth' family environment in adolescence. The effect originated from AA females who had five times higher odds of having affective/anxiety disorders compared to females carrying the T-allele from similarly adverse family environment, and was mostly due to a higher prevalence of affective disorders.
NPSR1 effect on suicide attempts
As NPSR1 influenced affective and anxiety disorders, we also examined the NPSR1 effect on self-reported suicide attempts at age 18 yr. The cohorts were similar by suicide attempt rates at comparable ages (6.1% in the younger and 5.2% in the older cohort at age 18 yr) so the data was combined. Similar rates (3.1-8.8%) of suicide attempts have been described for ages 12-17 yr (see review by Nock et al., 2008) . With the highest frequency, suicide attempts were made by subjects with the NPSR1 AA genotype (Table 4) ; the genotype effect was significant in both cohorts (p = 0.049 in the older, and p = 0.040 in the younger cohort). Further analysis revealed that suicide attempts were reported mostly by females with the AA genotype who had been exposed to a less positive family environment, namely the presence of 'low warmth'. No G × SLE interaction was found, although SLE itself was associated with suicide attempts (p < 0.001).
Anxiety, self-esteem and depressiveness: relationship with psychiatric diagnosis and environmental factors
As expected, subjects with affective and anxiety disorders (both separate and combined) had significantly higher depressiveness and both state and trait anxiety, and lower self-esteem (all p < 0.001, data not shown). Anxiety and depressiveness were significantly higher, and self-esteem lower if also exposed to SLE (p varied from 0.020 to <0.001, data not shown) and even more so when exposed to an adverse family environment (p < 0.001, data not shown). However, the environment effects on anxiety, depressiveness and self-esteem originated mainly from females (data not shown).
NPSR1 effects on state and trait anxiety, self-esteem and depressiveness
We next examined whether state and trait anxiety, depressiveness and self-esteem were influenced by NPSR1. Based on the results of the analysis on G × E effects on the prevalence of psychiatric disorders and suicide attempts, we analysed males and females separately and collapsed all T-allele carriers into one group. The effects of NPSR1 emerged only when accounting for environmental factors: again, subjects with the AA genotype in both cohorts were more sensitive to environmental adversity (see Figs. 1 and 2 for representative examples). As in case of affective/anxiety disorders, the effects originated from female subjects, except in case of depressiveness, where males with the AA genotype were highly sensitive to an adverse environment (Tables 5 and 6 ). In addition, NPSR1 × 'positive' family relations had effects on self-esteem and trait anxiety in the older cohort (trait anxiety, overall effect, p = 0.002, and females only, p = 0.013; self-esteem, overall effect p < 0.001, and females only, p = 0.001, not shown).
Discussion
This study examined the role of NPSR1 A/T functional polymorphism in affective and anxiety disorders also considering the G × E interaction. We found that in females with the functionally least active NPSR1 AA genotype who had experienced an adverse family environment, the affective/anxiety disorders were more prevalent and were accompanied by high anxiety and low self-esteem. Seven yr prior to psychiatric assessment, they also had reported more frequent suicide attempts and higher depressiveness. Our previous analysis using the same sample revealed an environment-dependent association of NPSR1 Asn 107 Ile with personality traits that predict anxiety and affective disorders (Laas et al., 2014) . Affective disorders and suicidal behaviour are also predicted by low self-esteem and high trait anxiety (Wasserman, 2001; Mann et al., 2004; Wild et al., 2004; Moffitt et al., 2007; Domschke and Reif, 2012) . While lifetime diagnosis Three hundred and eight subjects had complete data of MINI, NPSR1 and family relations. Bold, significant differences.
NPSR1 genotype, affective and anxiety disorders 545 of anxiety and affective disorders was more frequent in females with the NPSR1 AA genotype and deficient family environment by age 25 yr, a G × E interaction effect had been present already earlier regarding higher depressiveness and anxiety, lower self-esteem and higher frequency of suicide attempts. These phenotypes are correlated with each other and are likely to share underlying biology; nevertheless, they still are different dimensions with their own mechanisms of development. Thus, the NPSR1 genotype appears to represent a basic system involved in vulnerability to emotion dysregulation. The contribution of the NPSR1 AA genotype to affective/anxiety disorders is also consistent with animal studies where less active NPS-ergic neurotransmission is associated with anxiety-related behaviour (Xu et al., 2004; Rizzi et al., 2008; Lukas and Neumann, 2012; Wegener et al., 2012) . In contrast, however, the NPSR1 T-allele was found to be associated with panic disorder (Okamura et al., 2007; Donner et al., 2010; Domschke et al., 2011) . To reconcile this inconsistency, panic disorder was hypothesized to arise from arousal, not anxiety (Okamura et al., 2007; Domschke et al., 2011) , as higher NPS-ergic transmission is associated with higher arousal/activity in both animal (Smith et al., 2006) and human studies Laas et al., 2014) . (We could not detect NPSR1 effects on panic disorder or other forms of anxiety disorders separately probably because of small sample size and high comorbidity.) The biological differentiation of panic disorder from anxiety would be in accordance with Panksepp's theory of basic limbic emotional action systems, the primary sources of fear response and panic being in neurobiologically independent domains (Panksepp, 1998 (Panksepp, , 2005 . Higher arousal does not have to lead to anxiety-related psychopathology (panic disorder aside), given that NPS has the unique pattern of effects in animals, being concurrently stimulant and anxiolytic (Pape et al., 2010) . Instead, the higher arousal and amygdala/dorsal anterior cingulate cortex/dorsomedial PFC reactivity (Raczka et al., 2010; Dannlowski et al., 2011) as well as less reactive cortical activation in response to emotional stimuli (Tupak et al., 2013) in T-allele carriers could indicate decreased inhibitory control (Kim and Lee, 2011) . Impulsive action, which is more characteristic of subjects with TT genotype (Laas et al., 2014) may, thus, contribute to the impulsivity related traits and disorders, rather than affective/anxiety disorders (except bipolar disorder). Indeed, lower activity of dorsolateral PFC is observed in panic disorder and post-traumatic stress disorder, but in the case of anxiety disorders that involve worry and rumination (recursive self-focused thinking) such as generalized anxiety and obsessive-compulsive disorder, the PFC is characteristically more active (Berkowitz et al., 2007; Strawn et al., 2012) . Also rumination in depression is associated with increased activation in limbic areas and in dorsolateral PFC (Cooney et al., 2010) . Consistent with this notion AA subjects have high activity in dorsolateral PFC Tupak et al., 2013) . Thus, increased dorsolateral PFC activity in subjects with the AA genotype may not only be an indicator for stronger amygdala input suppression but also for repetitive selffocused thinking. In addition, rostral dorsomedial PFC activity is reduced in depressed females in response to negative stimuli (Moses-Kolko et al., 2010) similarly to subjects with the AA genotype in Raczka et al. (2010) . Repetitive thoughts may also represent a constructive form of cognitive coping strategies like planning, problem solving and rehearsal (Watkins, 2008) . In line with this, subjects with the AA genotype appear able to take advantage of favourable environments, as they exhibited the highest self-esteem, elevated extraversion and adaptive impulsivity as well as the lowest anxiety and neuroticism (Laas et al., 2014) . The highest frequency of suicide attempts was found in females with the AA genotype who had been exposed to an adverse family environment. At different ages the AA females also had the highest anxiety and depressiveness and lowest self-esteem, which are the traits that predict both suicidal behaviour and affective disorders (Fawcett, 2001; Wasserman, 2001; Mann et al., 2004; Wild et al., 2004; Nock et al., 2008) . It is also known that the risk for suicidal behaviour is further heightened by impulsivity (Fawcett, 2001; Nock et al., 2008) . In accordance with this, subjects with the AA genotype who experienced an adverse family environment developed high maladaptive impulsivity and neuroticism OC -older cohort; FR -positive family relations; SLE -stressful life events. a Depressiveness was measured by Beck Depression Inventory at age 15. (Laas et al., 2014) that could contribute to suicide attempts. Thus, the accumulation of harmful traits in response to adverse environment possibly leads to suicidal behaviour and ideation in females with the AA genotype.
The effects of NPSR1 in this study were mostly found in females, only the NPSR1 × 'environment' effect on depressiveness was present for both sexes. The sex disparity of the prevalence of anxiety/affective disorders is well established and the smaller number of males with the disorders and suicide attempts would leave room for the possibility of hidden effects due to a lack of statistical power. However, in males, the distribution of the genotype across the disorders was rather balanced, and the absence of NPSR1 effects on self-esteem and anxiety in males was not due to lack of power. This is indeed consistent with earlier findings. Sex-dependent effects of NPSR1 were also reported by Okamura et al. (2007) , Dannlowski et al. (2011) , Domschke et al. (2011) and in our analysis on impulsivity and the 'big five' personality traits in the same sample (Laas et al., 2014) . The biological underpinnings of NPSR1 sexspecificity could be explained by the interaction of NPS with monoaminergic systems (Raiteri et al., 2009; Si et al., 2010 ) that have sex-specific aspects (e.g. Jovanovic et al., 2008; Hall and Steiner, 2013) . Evidence is accumulating that, in response to stressful events, neurochemical changes in males and females can be profoundly different at both gene expression and cerebral oxidative metabolism levels (Mällo et al., 2009; Van den Hove et al., 2012) . While there appear to be good reasons to believe that the sex-specificity of association of NPSR1 with anxiety-related phenotypes, further replication studies should still clarify whether these findings are due to multiple testing.
In conclusion, our findings suggest that the NPSR1 A/T polymorphism is associated with affective and anxiety disorders and suicidal behaviour in a sex-and environment-dependent manner. It appears that in females the AA genotype and adverse family relations could lead to affective dysregulation, suicide attempts and internalizing psychopathology.
